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Introduction

Per and polyfluoroalkyl substances (PFAS) are a group of manrfladeénatedchemicals that include
long-chain PFASsuch asPFOAand PFOSand shortchain PFAScompoundssuch as PFBA and PFBS
collectively known as GenRFAS have been manufactured and used in a variety of industries around
the world, including in the United Statesince the 19409More than6,000PFAS compounds are known

to exist, although not all are in current use or product{&PA)

PFAS compounds have become essential in many industries dueitaitligue properties They are
chemically stable, reduce surface tension to a much lower state than other surfactants, repel water and
oil, possess frictiomeducing properties, and can function in environments where other products would
degrade.These properties which havewgin rise to a variety of industrial and commercial products that
are resistant to oil, grease, water, soil, and stain.sBm@oducts are used in firefighting foams, metal
plating and coating formulations, polyurethane production, inks, varnishes, anitdmts(ITRC, 2017)
Additionally, they are considered vitab the aviation, mining and gas, photographic imaging,
semiconductor, automotive, construction, and electronics industiERPA,2016)PFAS are found in
many consumeproducts like cookware, food packaging, and stain repell@udme of the main sources

of PFASare PFASnanufacturing and processing facilitidacilities that use PFAS in the production of
other products, andirports and military installations that adirefighting foams

Perfluorooctanoic acidPFOA and erfluorooctane sulfonic aci(PFOPwere manufactured the longest

in the U.Sand are the most widespreadFAS chemicais the environment.Growing concerns about
the longterm impacts to human health and the environment from PFOS and PFOA led to eoplhage
these two chemicals between 2002 and 20Mew PFAS compounds emerdgedake their placeGenX
compounds forPFOA and perfluorobutargulfonic acid (PFB&r PFOSWhile PFOA and PF@$%e no
longer manufactured in the U.S., they are still produced in other counaies could continue to
contribute to human and environmental exposureAmericaMany complex PFAS have the potential to
break down into less complex perfluoroalkyl acids (PFAAS), a subgroup of PFAS that includes PFOA and
PFOS.This breakdown is compounded by the fact that the production of certain PFAS, such as
fluoropolymers, requires the use of PFAAs in their manufactiiteir use increases total PFAA
contamination and exposurdaroughindustrial dischargérom the production of Teflon@&ndimpurities

in PFA&ontaining product¢Reade, Quinn, & Schreiber, 2019)

The qualities that mak@FASan essentialcomponent in many products its chemical stability and
ability to function well in harsh environmerts also lead to it persigence the environmentand
bioaccumulaion in the human body Although the phaseout of PFOA and PFOS in manufacturing
processeded to a decrease in PFASIN blood serum levelin the U.S. populationtheir persistence in
the environment makes it very likely that they vaéintinuebe a source of exposuseell into the future
There is growing concern that sharhainsubstitutes pose equally troubling environmental and human
health risks(Brendal, Fetter, Staude, Vierke, & BiEghler, 2018)Alternative methods for detecting
PFAS in blood serum show an increasing trend of unidentifieanoftyorine in blood serum samples,
suggesing human exposure to new and unidentified PRX8ung & Mabury, 2015)



There isgrowing evidence that exposure to PFAS can lead to adverse human health gfRatdts,
Reade, Wolffe, & Kwiatkowski, 201%hese health effects include impacts to the liver, immune system,
fetal development and pregnancypreeclampsia), endocrine system, reproductive system, and
cardiovascular systenn addition to an increasd risk for testicular and kidney canc@®FOA and PFOS
have been the subject of more study than other PFAS chemicals, but research is expanding to include
other PFASspecificallyGenX compoundshA 2018 EPA draft toxicity assessment confirmed that GenX
chemicals are associated with liver and pancreatic caneerd PFBS is associated with thyroid and
kidney effectdEPA, 2018EPA, 2018Recentstudiescommissioned by the FDAdicate that6:2 FTOH,

a common shorchain PFAS compounlas similar health effects as older leagain PFASKabadi, et

al., 2020)Rice, Aungst, Cooper, Bandale, & Kabadi, 2020)

PFASan bereleased into thaair, soil, and water, including sources of drinking wakatential
pathways of significant human PFAS expos$uma these releases include
w SNAYTAY3 6F0GSNI FNRY Llzo £ Goflaminatin3sialcally R LINA @I G S
localized and associatetth a release from a specific faciléych as a PFASsanufactureror
processor, landfill, wastewater treatmeptant, ora facilityusing PFAS8ontaining firefighting
foams
w /2yadzYLWiAz2y 2F LI} | yia fisy Bat ai&droivn 6F dalght frdmy A Y £ & =
areas wherdPFA®as contaminated surface water, groundwater, sediments, or soils
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facilities or industrieshat utilize PFAS in theprocessege.g.,chromium electroplating,
electronics manufacturing, or oil recoveryyorkers may be exposed to PFAS by atfad,
dermal contact oringestion,with inhalationbeing themost common pathway.
1 Accidental ingestion of contaminated soildurst

(USEPA 20189ATSDR 2018Fromme, Tittlemeier, Volkel, Wilhelm, & Twardella, 200S8hisi,
Vameralli, & Manzetti, 20192018,(McGlodrick & Murphy, 2016jStahl, et al., 2014}jFranko, Frasch,
Meade, & Barbero, 2012)

Goncerrsregarding PFA&Nd their possible health impacts increasafter these chemicalsvere
discoveredn drinking waterand the blood seim of most people in the U.SResearchers have made
significant progreseecent yearsn the development of PFAS analytical methadsaluaton of

treatment and remediation techniques for PEAnderstandingpf the potential exposure from various
environmental mediaand e/aluation of thehuman health impacts dbenX chemical$iowever,
characterization efforts continue to be hampered by the analytical challenges associated witarflFAS
the limited toxicity data available fanly asmallnumber d PFAS. The available data demonstrate that
PFAS exposures are a hunealth hazargbut scientists are still working to understand and address
PFAS toxicity and develop human health toxicity assessmerttetiotong-and shortchain PFAS.
Recommended tagity values range frord0 nanograms per lite(ng/L) to sevenng/Lto as low a®ne
ng/L(EPA, 2019JATSDR, 2020jGrandjean & Budtdorgensen, 2013pata are generally lacking to
further characterize the hazard and provide reliable estimates ohigative impacts thhuman health.



Currently, a limited number of PFAS aralyzedoy the U. S Environmental Protection Agency (EPA)
under the Safe Drinking Water Act (SDVEAd only two of thosa PFOA and PF@Sare subject to
LifetimeHealth AdvisorylHA) healthbased drinking water levelRFAS are not currently listed as
hazardous subsanhces under thé&ederal Comprehensive Environmental Response, Compensation, and
Liability Act (CERCL.AQr ashazardous wastes under thederal Resource Conservation and Recovery
Act (RCRAJheyarealso notcurrentlyregulated under the Toxic Substanéasntrol Act (TSGARinally,

no PFAS are listed as a toxic or priority pollutant undeRdderal Clean Water Act (CWA)

On February 20, 2020, EPA published an update to its 2019 PFAS ActitvatRiantainedproposals to
addressPFASInder thel 3 S y sfaut@r§t authority Thesanclude:

1 A proposal to regulate PFOA and PFOS under SDWA. If EPA finalizes a positive regulatory
determination, the agency would stafé process to establish a national primary drinking water
regulation for PFOA and PEOS

1 A commitment to monitor for PFAS in the next Unregulated Contaminant Monitoring Rule cycle
(UCMR5)

9 Efforts to determinewvhetherthere are enough available data and resgato support
development of CWA water quality criteria for PFAS

1 Advancenent of the regulatory process for designating PFOA and PFOS as hazardous
substances under CERCLA

1 A proposal to add certain PFAS to the list of chemicals that companies are requisgbtt as
part of the Toxics Release Inventory (TRI)

1 A requirement that facilities track and collenformation on PFAS chemicals during 2020

1 A proposal for a Significant New Use Rule (SNUR) that strengthens regulations on imported
products containing PAS as a surface coating. When finalized, thus rule would ensure that uses
phased out in products in the U.S. cannot be imported.

As the most recent EPA update shoREAS science is rapidly evolyaumd the strategy outlined in this

document representshe current understandingf the Utah Department of Environmental Quality

(DEQX)f the sourceof PFASINdapplicableanalytical approaches. As the science advances and more
AYF2NXIEGA2Y 0S02YS @At otSy GKS .3SyOeQa | LILINEI

DEQ created a workgroup to develop a monitoring reconnaissance plan foriREARte is known
regarding the use of PFAS in Utdhe workgroup is comprised adpresentatives from the UtaDEQ
Divisions of Drinking WatébDW) Water QualitDWQ) Waste Management and Radiation Control
(WMRC)EnvironmentaResponse and Reardiation (DERR)andthe Utah Bureau of Epidemiologls
primary goais development ofan ongoing monitoring and reporting strategydetermine if PFAS
contamination is presat andor in concentrations of concerim! { | diGkéng water groundwater,
surface wates, or land The initialefforts are focusedn evaluating potential sources of human
exposureThe results of these investigations will be used to determia€dfitional investigations or
actions are warrantedDecisions for any additional actions will be made accordirtheéaegulatory
authorities ofeach DE@livision



PFAS in Utah
With the exception of the drinking watelata discussedelow, little data areavailable to characterize
the probableoccurrence or use of PFAS in Ut&IEQ has not identified alBFAS manufactureis
Utah, but the number of businesses using PFAS in eatainsunknown.Based on data compiled from
other states, possibléndustrial sectors that use PFAfay include:
1 Plastic manufacturers
Semiconductor manufacturers
Aerospace manufacturers
Metal-finishing companies
Fabriecoating businesses
Spring and wire manufacturers

=A =4 =4 4 A

Releasefrom industrial siteghat use PFA8ndlocaions whereaqueousfire-fightingfoam (AFFFhas
been repeatedly applied have the greatest potential for BFéleases to the environment

PFAS Data for Utah Drinking Water

In May 2012EPArequired largeand very large communityater systemshat seved populations of
10,000residents or greateto test for 60 unregulatedcontaminants (30 contaminant28 chemicals
and two viruses) between 2013 and 20@®ble 1) Thisincluded requirements fotesting for PFOAnd
PFOSinder the ThirdJnregulated Contaminant Monitoring Rule (UCMRA8)Utah 61 water systems
were required to samplavhichincluded 1680drinking water sourcesThe UCMR3 sampling effort
covered drinking water systems for 86% of the populat@mapproximately 2.5 nlibn residentsPFOA
and PFOS were not detected in any of these systems above thent@ram per literr{g/L) threshold
identified by EPA

Tablel. UCMRS (Six Perfluorinated Compounds)

Contaminant CAS Registry | Minimum Sampling Analytical
Number' Reporting Level | Points’ Methods

Perfluorooctanesulfonic | 1763231 4.0 ng/L EPTDS EPA 537 Rev 1.1

acid (PFOS)

Perfluorooctanoic acid 33567-1 2.0ng/L EPTDS EPA 537 Rev 1.1

(PFOA)

Perfluorononanoic acid | 375951 2.0ng/L EPTDS EPA 537 Rev 1.1

(PFNA)

Perfluorohexanesulfonic | 35546-4 3.0ng/L EPTDS EPA 537 Rev 1.1

acid (PFHxS)

Perfluoroheptanoic acid | 375859 1.0ng/L EPTDS EPA 537 Rev 1.1

(PFHpA)

Perfluorobutanesulfonic | 375735 9.0 ng/L EPTDS EPA 537 Rev 1.1

acid (PFBS)



Potential Health Effects of PFAS Exposures

Studies show nearly all peoplethe United Statebave PFAS in their blood, regardless of their age
(CDC, 2015Yhe most common PFAS compounds founldaod arePFOA and PFCBbthchemicals

are no longer manufactured in the United States but can still be found in products manufactured in
other countries. Blood concentrations of PFAS have decreased since the production and use of PFOS and
PFOAasended in the U.S., but as was mentioned eayliternative methods for detecting PFAS in
blood serum indicate increasing levels of unidentified organofluorine which may suggest exposure to
new and unidentified PFASeung & Mabury, 2015Additional data show that thBFA alternatives
hexafluoropropylene oxide dimer (HFHXA), hexafluoropropylene trimer acids (HFP&), and 6:2
chlorinated polyfluorinated ether sulfonic acid (6:2RFIESA) have become the dominant global
perfluorinated pollutantsand whilethere are a fev toxicity assessments of these novel fluorinated
alternatives, they exhibited comparable or even more serious potential toxicity than legacy PFAS,
indicating that these fluorinated alternatives are also harmful to the environm@®ang, Chang, Wang,
Wang, & Li, 2019)

Contaminateddrinking water, foopackaged in material that contains PE#&Soor dust, and hantb-
mouth transfer from treated carpets are the primary exposure rodteshe general populatiofCDC,
2015) Consumer products such as nonstick cookware, gegistant carpeting, andiater-repellant
clothingcan expose individuals to PFAS. Fish caught from contaminated water mag als@xposure
route for the generapopulation, andwild gamein areas with PFAS contaminatibas been found to

have highédvelsof PFAS in their me@Michigan Department of EnvironmenBeople living near

facilities that used to manufacture PFOS and PFOA or whose drinking water was contaminated with
PFOS or PFOA have higher expositesearch has suggested that exposure to PFOA and PFOS from
consumer products is usually low, especialhew compared to exposurdsom contaminated drinking
water (CDC, 2015)

Researchers have found links between PFASatehtial adverse effects to human health.

(Sunderland, et al., 2018Ylost ofthese studies are based on mice andnegponses to exposuybut

some of the findings are supported by health effects observed in human epidemiological $&Rles
2016) These effects are observed at relatively low concentrations and include highiestgrol levels,
changes in liver function, reduced immune response, pregnaryced hypertension/preeclampsia,

and increased risk of thyroid disease. Evidence also suggests the increased possibility of kidney and
testicular cancer at higher PFOS an@RExposures

Currently, there are no federal regulatory levels set for PFAS, although some states have established
their own guidance and screening levéfisgure 1)The EPA Lifetime Health Advisory (LISAPFOA and
PFO drinking wateiis 70nanogiams per liter(ng/L) (EPA2016) PFOS and PFOA are more toxic than
any otherPFAS compourithat EPA has evaluated for drinking watkut additional data are needed to

fully evaluate the longerm toxicity of newer PFAs compoundEhe low concentrationat which health
effects occur, along with the potential for a number of different health impacts, has increased concerns
around PFAS. The seriousness of the health effeatancer, developmental delays, altered
immunological responsivenesthe low concatrations at which effects occuand ther persistence in



the environmentt increases the urgency to identify and reduce potential sources of exposures to the
general population.
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Figurel. Variability in PFOA and PF@®nparisonValues forSafe DrinkingWater based on Table-Z of (ITRC(f), 2019)

PFAS Sources in Utah and the Potential for Public Exposures

DEQ has identified potential sources of PFAS in Utah and linked these to potential exposure pathways
the public.These sources have been rankashigh, medium, and low to facilitate prioritization of initial
sampling effort{see Figure 2)lhe most likelysources of PFAS Utahare listed below.

Aquaeous Film-Forming Foams: Military Installations, Airports, and Refineries
AFFF&ave been used for several decades by the U.S. military, civilian airports, and other facilities to
extinguishliquid fuelfires (ITRC, 2018Firetraining Areas (FT)Aare known to have PFAS releases, but
manyother sitesare also likely affected by AFffém past emergency response incidents and the
discharge of AFF¢ontaining fire suppression systems within large aircraft hangars and buil&iRg&s
may also be used to extinguish fires involvingks tranporting fuel.Accidental releases of AFFF from
storage tanks, railcars, and piping during delivery or transfer impact additional sites. Once released to
the environment, AFFF can contaminate salrface water, and groundwater.



Hill Air Force Base (HAFB)

The United States Air Force (USAF) began using AFFF firefighting agents containing PFAS in 1970 for
extinguishing petroleum fires. Although the USAF has been working to remove@fiaiing AFFFs

from its inventory, the impacts to the environment frothe use of these firefighting agents remains
mostly unknown. In response to emerging health and environmental concerns regarding PFAS, Hill Air
Force Base initiated a Preliminary Assessment (PA) of known @csed@areas of AFFF discharges

As part of te PAHAFBdentified source areas for potential release of AFFF. These areas included fire
training areas and fire statiopbuildings with AFFF in the fire suppression systaash sites and fuel
spills and stormwater retention ponds located within thmase boundaries. Based on the information
availablethere may be potential sourcesanranting further investigatioffior each of these potential
source areasWork to further evaluate the extent of PFAS in the environment from activitiésAdtHs
ongoirg and currently focused on private drinking water well adjacent to the facility

Utah National Guard (UTANG)

The Utah National Guard has also conducted sampling at three suspected AFFF release areas at the Utah
Air National Guard Base (UTANG) in Salt Cakmty, Utah. The three AFFF areas inspkictelude

three separate firdraining areas used between the late 1940w11978. Surface and subsurface soils
samples indicated no concentrations exceeding screening critdmigever, all of the groundwater

samples results indicated concentrations for PFOA and PFOS #idgopeojectscreening criterigrisk

based valugsegionalscreeninglevel). An expandedite inspection$l)has been recommended to

determine whether groundwater and surface water is migrgtaffthe base andor preseninga

possible health threathrough contaminated drinking watefUSACE, 2018)

Tooele Army Depot

Sampling for PFAS has also been conducted at drinking water systeme farmyfacilities located in
Utah(Tooele Army Depot and Dugway Proving GrQ@asdwell asCamp Williams, a National Guard
training center site. The results from these facilities have indicated there is not a drinking water.impact
However, not all groundwater sowoes have beesampled

Industrial Sites

IndustrialPFASources include manufacturing facilities where PE&8aining products are synthesized

and made into products or chemical feed stocks, or where PFAS are used as processing aids in fluoro
polymer poduction. Secondary manufacturing facilities may use these products or feed stocks as part of
industrial processes such as coating application to finished products. Facilities that may be sources of
PFAS releases to the environment include textile anthé&grocessors, paper mills, metal finishers,

wire manufacturers, plating facilities, aviation manufacturensg facilitiesthat usesurfactants, resins,

molds, plastics, and semiconductors. Industrial facilities may release PFAS to the environment via
wastewater discharges, eand offsite disposal of wastes, accidental releases such as leaks and spills,
and stack emissions.

The U.S. Census Bureau maintains a database of U.S. businesses classified by the North American
Industry Classification System (&). Utah maintains the Utalpecific portion aghe FirmFind



database The NAICS Codes for businesses that manufacture products known to contain PFAS were
identified and these codes searched in FirmFBukinesses in Utah that manufactured products know

to contain PFAS were assigrteé highest priorityfor further investigationBusinesses that have the
potential to use PFAS in their processese judgedto bea medium priority as potential PFAS sources
and thosethat have a lower potential to use PFAS or are unlikely to use PFAS in appreciable quantities
were judged ashe lowest priority.No businesses Utahmanufacture PFAS

Over 600 businesses were identified tipattentiallyuse PFAS. This I{table 2)while anticipated to be
incomplete regrding potential PFAS sourcékely overestimatethe number of businesses that are
potential sources of PFAS. Based on these factors, initial effdrfecus on the highest priority
businessesof which there ar&4 total.

Table2. IndustriesPotentially Using PFAS in Utah from FirmFind

NAICS Description Relative Number of

Code Priority Businesses

332813 Electroplatingplating, polishing,anodizing, and Highest 24
coloring

313320 Fabriccoatingmills Highest 1

325199 Plasticizers (i.e., basic synthetic chemigals) Highest 5
manufacturing

325211 Plastics and synthetic resins regenerating, precipitat Highest 9
and coagulating

325613 Finishing agents, textile and leather, manufacturing Highest 2

333242 Micro-lithography equipment, semiconductor, Highest 3
manufacturing

334413 Wafers (semiconductor devices) manufacturing Highest 24

322220 Bags (except plastics only) made by laminating or Highest 6
coating combinations of purchased plastics,, faild
paper

314110 Doormats, all materials (except entirely of rubber or Medium 1

plastics), manufacturingugs and carpets made from
textile materials

315280 Coats, waterproof (e.g., plastics, rubberized fabric, Medium 10
similar materials), rubberizingbric, and
manufacturing coats

315990 Bibs and aprons, waterproof (e.g., plastics, rubber, Medium 19
similar materials), rubberizing fabriand
manufacturing bibs and aprons

316210 Footwear, men's leather or vinyl upper with rubber o Medium 3
plastics soles, manufacturing

325510 Plastic wood filleramanufacturing Medium 0

326111 Frozen food bags, plastics film, single wall or multiwa Medium 3
manufacturing

326112 Packaging film, plastics, singleb or multiweb, Medium 2

manufacturing




NAICS Description Relative Number of

Code Priority Businesses

326113 Sheet, plastics, utaminated (except packaging), Medium 2
manufacturing

326121 | Profile shapes (e.qg., rod, tube), ndgid plastics, Medium 5

manufacturing

326122 Fittings and unions, rigid plastics pipe, manufacturing Medium 11

326140 Jugs, vacuum, polystyrene foam plastics, manufactu Medium 8

326150 Insulation and cushioning, foam plasticsqept Medium 12
polystrene), manufacturingshests or coolers, urethan
or other plastics foam (except polystyrene)
manufacturing

326160 Bottles, plastics, manufacturing Medium 3

326191 Shower stalls, plastics or fiberglass, manufacturing Medium 10

326199 Handles (e.g., brush, tool, umbrella), plastics, Medium 82
manufacturing

332812 Coating of metal and metal products with plastics Medium 34
the trade

336612 Boats, inflatable plastics (except togpe), Medium 10
manufacturing

424610 Foam, plastics, resins and shapes, merchant Medium 41
wholesalers

333994 Furnaces and ovens, semiconductor wafer, Medium 0
manufacturing

336411 Aircraftmanufacturing Medium 10

336412 Aircraftengine andengineparts manufacturing Medium 4

336413 Otheraircraft parts andauxiliaryequipment Medium 38
manufacturing

336414 Guidedmissile andspacevehiclemanufacturing Medium 6

336415 Guidedmissile andspacevehiclepropulsionunit and Medium 8
propulsionunit parts manufacturing

336419 Otherguidedmissile andspacevehicleparts and Medium 4
auxiliaryequipment manufacturing

325220 Artificial andsyntheticfibers andfilaments Medium 1
manufacturing

326299 All other rubber product manufacturing Medium 2

314910 Bags, plastics, made from purchased woven plastics Lowest 24

325991 Reformulating plastics resins from recycled plastics Lowest 3
products

326220 Vacuum cleanelelts, rubber or plastics, Lowest 5
manufacturing

333511 Molds for plastics and rubbexorking machinery Lowest 20




NAICS Description Relative Number of

Code Priority Businesses
manufacturing

337125 Dining room chairs (including upholstered), plastics Lowest 3
manufacturing

337215 Furniture parts, finished plass¢cmanufacturing Lowest 14

424990 Plastics foam products (except disposable and Lowest 152

packaging) merchant wholesalers
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Landfills: Solid and Hazardous Waste Disposal

Landfillscan besources oPFAS because they are the ultimate repositoiesot onlyof PFAS
contaminated industrial waste, sewage sludge, and waste from site mitigation, but alsdoB&its)
consumer goods treated with statesistant coatings. Consumer products landfilled stheel950sare
potential sources of PFAS to the environment. Industrial waste can be a significant source of PFAS in
landfills, particularly those that accept waste frangdustries using?FASh their manufacturing
proceses In addition, many landfills aept sewage sludge from wastewater treatment facilities that
may contain PFASVaste disposal regulations define solid wastes and the subset of these wheastes
may behazardous wastespecificequirements for disposal facilities are based on the typeaste.
PFAS are not specifically regulatedthazardous wastes acduld be mixed with wastes that are
regulatedas solid wastesgesulting in their disposah solid waste landfills

Solid Waste Landfills

Solid waste landfills are permitted to accemniazardous wastesome hazardous household waste,

and verysmallquantity generator(VSQGhazardous wasteliquid wastes are not allowed in the landfill
unless they pass thieaint Filter Liguid Test (SW88695B)verifyingthat no liquidsgreater thanfive
gallonsare disposed into the landfill. These facilities must meet the siting requiremeiiR813302-1

that include requirements for avoiding drinking water sources. These landfills are required to be lined if
they are new or have expanded in size fromittegiginal footprint since 1992. Some landfills

constructed before 1992 are not lined. Prior to 198tere was little to no regulation governing the
disposal of norhazardous waste in solid waste landfitkowever, nost of these landfills monitor the
groundwater to identify potential releases.

Landfills that were operating prior to the ead®90slikely have PFAS because of their widespread use
in consumer products. Wastes from certain PFAS industries have the pofenhiaherconcentrations.

Industrial Landfills

Industrial landfills are permitted to acceidustrial wastesSmilar to the solid waste landfills, they

havesitingrequirements.These landfills are required to be linedd monitor groundwater to identify
potential releasesliquid wastes are not allowed in the landfill unless they pas$thimtFilter Liguid

Test EW8469095B verifyingthat no liquidsgreater than five gallonare diposed into the landfill.

These landfills could have PFé&ditaminated wastes. However, these landfillsohave requirements
that make any releases of wastes to the environmémtluding PFA8nlikely. Based on the currently
available information, no alitional investigations of PFAS are recommended for industrial landfills.
Industrial landfills serve on the facility permitted and cannot accept waste from offsite. This limits the
types ofwaste being accepted.

Hazardous Waste Landfills

Hazardousvaste hndfills are constructed in accordance wiRl815264to ensurea construction quality
assurance program is in place. Hazardous waste landfills are required to be lined and usually have
leachate collection systemd.iquid wastes are not allowed in the landfill unless they pas®tist Filter
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https://www.epa.gov/hw-sw846/sw-846-test-method-9095b-paint-filter-liquids-test
https://rules.utah.gov/publicat/code/r315/r315-302.htm
https://www.epa.gov/hw-sw846/sw-846-test-method-9095b-paint-filter-liquids-test
https://www.epa.gov/hw-sw846/sw-846-test-method-9095b-paint-filter-liquids-test
https://rules.utah.gov/publicat/code/r315/r315-264.htm
https://www.epa.gov/hw-sw846/sw-846-test-method-9095b-paint-filter-liquids-test

Liguid Tes(SW8469095B)verifyingthat no liquidsgreater than five gallonare disposed into the
landfill. These landfills also monité@achate andyroundwaterfor a variety of othecompoundgo
identify potential releases.

These landfills could already be manadgitteASontaminated wastes at their sites. However, these
landfills have very stringent requirements that make any release of contantsiivdo the environment
manageablaghrough leachate collection system monitoringeachates from the landfill cells may also
be used as dust suppressidiut these activitieshould not result in a release to the environment

Municipal Wastewater: Publically Owned Treatment Works (POTWSs) and

Industrial Wastewater Treatment Plants

Publically owned treatment works (POTWSs) and industrial waste water treatment plants (WWTPs) can
introduce PFAS into the environment from paegtdurce discharges of effluent, leakage, unintended
releases from stiace impoundments, air emissions, or disposal of biosolids and other byproducts
generated during the treatment process. PFAS may be concentrated in solid waste such as sewage
sludge during the treatment process and may contaminate groundwater, surfaee veatboth. PFAS

may also be introduced to the environment through the land application of biosolids as a beneficial soil
amendment, potentially allowing PFAS to enter surface water through runoff or infiltrate into
groundwater.

POTW and WWTP Liquid Wastes

Most businesses in Utah discharge their liquid wastes to publically owned treatment works (POTWSs). A
small percentage of businesses have a permit that allows them to discharge their liquid wastes, after
GNBFGYSyas (G2 | 0 KQiatriabfazNiEsla® Sssosiatad SithEndustrialpeczdebsA Y R
that potentially use PFAS in manufacturing. However, none of these facilities discharge to waters that
are used for drinking water (Class 1C), but all four discharge to Class 4 agriculturalanselfvthe

liquid wastes from a commercial facility cannot be discharged to a POTW because of the presence of
regulated pollutants, the waste is sent to an industrial landfill, degfl injected, or sent to an

incinerator, depending on the specific wasind regulatory requirements.

Because of their widespread use in consumer products, all POTWs are expected to receive some PFAS. If
PFAS are present, they could ultimately be released to the environment because conventional treatment
processes used by F@/s and WWTPs are generally ineffective for PFAS. The treatment processes can
also transform the original PFAS to a different PFAS, such agBHkS$on, Haglund, & Karrman, 2Q017)
Industrial processes that use significant amts of PFAS may contain elevated concentrations of PFAS

in the effluent. Absent information on which Utah industries use PFAS and the quantities ultimately
discharged to a POTW, additional data are needed to assess if PFAS releases are occurring. The one
WWTP in Utah where PFAS may be used in industrial processes is unlikely to affect drinking water
because it discharges to Blue Creek, which is not a drinking water source or in a groundwater protection
area. The creek ultimately discharges to Bear Rivgr Beeat Salt Lake.

Lined landfills may have a leachate collection system that collects the liquid at the bottom of the landfill.
If not used onsite for dust control, the leachate may be piped or trucked to a WWTP. Based on a study
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conducted in Michigarthe contribution of PFAS from landfill leachate is unlikely to significantly add to
the amount of PFAS discharged from a PQWNWRA, 2019)The study demonstrated that POTWs that
accept landfill leachate had higher concentoais of PFOA and PFOS in the influent than the POTWs that
did not. However, when the volume of leachate is considered, the contribution of PFAS from leachate to
the POTW is relatively small compared to all other PFAS sources to the POTW. (Note: the Btiathjgan
dzaSa G(GKS GSNXY aw22¢té G2 NBFSNI G2 620K LWdzofA0 I yR
conclusions of the study:
a. Leachate provides a relatively minor contribution to the overall PFOA and PFOS
concentration/mass in most WWTP influent becaws the relatively low leachate discharge
volumes.
b. Nonleachate sources of PFOA and PFOS significantly contribute to WWTP influent and at higher
volumes. It is noteworthy that the WWTP influent that has no landfill leachate contribution
shows a similar ewentration range for PFOA and PFOS as WWTP influent that has leachate
contribution.
c. Although reduction of landfill leachate concentrations of PFOA and PFOS to the WWTP influent
could be beneficial to meeting Water Quality Services (WQS) in the WWTReffhesimpact
may be minor in most cases since leachate typically contributes a relatively small volume to the
overall WWTP influent.
d ' @FAftlFotS RFEGlF aK2g¢g GKIFIG tCh! t£S@Sta Ay 22¢t A
conservative surface water criterfd20 ng/L) at all WWTPs examined, and that PFOS levels in
GKS 21 GSNI wSa2dzNDOSa wSO20SNE CFHOAtAGE 62wwCO A
surface water criteria (11 ng/L) at approximately tihirds of the WWTPs examined.
Biosolids: POTW Solids
Solid wastes collected or generated during the treatment process at a POTW are disposed in landfills or
sometimes used as soil amendments (biosolids). These soil amendments, also known as land application
of sewage sludge, are regulated by Utah andefatiregulations. The land application of biosolids is
based on:
9 Pollutant concentrations
1 Potential for pathogens
1 Control measures to prevent transmission of pathogens to other organisms such as rats or
mosquitos.
PFAS have been found in biosolids and in the land on which they were afyiidstrom, 2011)
(Venkatesana & Halden, 2013f PFAS are present in biosolids, they could be released to the
environment and potentially to groundwater. In Alabama, biosolids contaminated by a PFAS
manufacturing facility and later applied as a soil amendment entered the groundwater and resulted in
concentrations of PFOA and PFOS of 110 ng/L, which is above the LidA76ngl/L(EPA,
Perfluorochemical (PFC) Contamination Near Decatur, AL Fact Sheet,|@0M&ne, PFAS chemicals
were found to be present at unsafe levels in milk produced from a dairy farm that had historically
applied biosdls to its fields. As of March 2019, all sewage sludge in Maine must be tested for PFAS and
meet the concentrations shown i&rror! Reference source not found.
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Table 3. Maine PFAS Requirements for BiosofMaine DEP, 2019)

PFAS PFOA PFOS PFBS

Screening Level 0.0025 mg/kg 0.0052 mg/kg 1.9 mg/kg

Potential Human Exposures

PFAS must be released to the environmémbugha complete exposure pathwadg pose an exposure
risk topeople.Sudies show that the majority of the U.S. populatisexposed taPFASrimarily from
consumer productsyith the most significanexposurepathway appearing to bfom the ingestion of
food and drink.(Poothong, Papadopoulou, Padif@nchez, Thomsen, & Haug, 20Z@pple living near
PFAS manufacturing facilities manufacturing facilities that use large quantities of PRR&Syell asites
where AAAF waepeatedly appkd, have elevated exposures. These elevated exposures are most
commonly attributed to contaminated drinking wat6EDC, 2015)

DWQprioritized locatiors for additional investigatiotoy mappinghe locations éthe businesses listed
in Table2 (seeFigure Error! Reference source not found.Because PFAS must actually be released to
the environment to conteninate the drinking water sources, the waste management practices of these
facilities were also consideretl.PFAS are discharged to surface waters or groundwater, people could
be exposed if:

1 Contaminated water is used agirinking water source.

1 Contaminated water is used for irrigating crops for human consumption.

1 Contaminated water is used for watering livestock or irrigating livestock forage and the livestock

used to feed people.

1 People consume fish or other aguatiependent wildlife from expsed to contaminated water.
Contaminated biosolids fromPOTW are applied to crops for human consumption.
1 Contaminated biosolids fromPOTW are used on livestock forage and the livestock used to

feed people

=

Drinking Water

PO KQA& RN Y | havdsevelallagelslofpdtdzhidm&nstcontamination. Both surface and
groundwater source areas are protected in accordance dithking waterSource Protection Plans.

The routine testing required for source waters, while not specific for PFASeteititdther

O2y il YAYylyida GKIFIG AYRAOIFIGS O2y il YAYIl GA2ya@aldol  KQa
assigned a beneficial use of Clagdrinking waterjand monitored for contamination not specific to

PFAS

Aswaspreviously discussed in Section 1.2, PFAS sarqul@sOA, PFOS, and PE&fected from

POl KQa f 1 NBS FyR @S NEdudng WWEERR2MR IR1P)ware ethepnb- defedt) 38 4G SY
or detected at concentratios less tharthe minimum reporting levie(MRL. The MRL is the smallest

measured concentration of a substance that can be measured by the analytical method usedis
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case, EPA Method 537. (It should be noted that-detect does nonhecessarilymply not present). fie
YI 22 NR G & n@ifing drinking @ader shisememainuntested.

DEQreviewed G KQ& LISNXAGa& F2 NI, dotetof thgdilted BuginessesR dzy Rg I G S
were expected to use PFAS. Groundwater used for drinking water is proteatat Source Protection

Plans andthese areasvere compared to the locations of businesses potentially using significant

quantities ofPFAgFigure 2)¢ 2 KSf LJ Sy adzNB GKFG !'dGlFKQa RDEQYyl1AYy3 6
comparedthe locations of businesses that potentially use P®AISdrinking water source protection

areasfor overlap. The results suggest a low potentialdast orfuture contamination.

Any investigation of PFAS in drinking water is limited by the available analytical methods and toxicity
information. Twovalidated amlytical method arecurrently available for a limited number of specific

PFAZsee 8ction 3.0).Toxicity data are more limited than analytical methpalsd EPA has published

chronic reference doses€., virtually safe dose over a lifetim&r two PFASPFOS and PFOA. A

reference dose, along with estimates of expos(esy, how much drinking water is ingested per diay

are used to determine if adverdealth impactsare unlikely or possibl&hese reference doses from the

9t! hF¥FFAOS 2F 2 (1SN KI @S yequiredtzperBINEHYhEEPAK S NA 32 NP dz
Integrated Risk Information System (IRM)sent ay reference dose, it will be difficuto interpret

! (i I dticking water samplingesults.

Other states have developed reference doses or similar determinations of safe doses. However, the
observed higlvariability betweerstate values illustrates the lack of higfuality toxicity studies on

which to base a reference dodeven fi sufficient datafrom human or animal toxicity studies are

available, deriving reference doses is resource intensive. The currently available toxicity data are not
consistent with each other. Additionally, specifiperise not available within DEQ or DOH may be
necessary to interpret observed effects on a specific organ system or in extrapolating animal results to
humans. DEQ does not anticipate independently deriving reference tiesasise of these challenges.

Theavailable reference doses for PFOA and PFOS indicate that these PFAS are potentially toxic at very
small doses. Therefore, any reliable detection of PFAS is cause for concernddteesensshould be
addressed with controls to reduce exposures to theeakpractical. These actions may include
administrative controls such as notifications to drinking water prowwded consumers. Engineering

controls may be appropriate if the source of PFAS can be eliminated or reduced. In extreme cases,
alternative souces of drinking water may need to be provided.

Farm Products

Eighttwo percent2 ¥ | (| KQa RakedsBdNdr &gRculiirglita QERGC, 2012) | G KQ& & dzNF
waters used for irrigation are designated ClasAdubsta/ G A I £ L2 NI A2Y 2Fcomal KQa AN
from groundwaterin addition to surface water?FAS have beahownto be transported from soil or

water into cropgEPA, Drinking Water Health Advisory Perfluorooctane Sulfonate PFEQB6)Ghisi,

Vameralli, & Manzetti, 2019Pairy cows thagatforage grown using PFASntaminated water odrink

contaminated stock water can accumulate PFABeir milk, which carthen pass to humanghrough

their consumption ofttontaminatedmilk (Laca AL. , 2019)
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The sheer number of agricultural poirdgdiversionposesa challengdo assesgthe likelihood of
PFAS contaminatian agricultural productsUsing satellite photos, BQ identified hie locations of Utah
businesses that potentially use PFR&cilities located withione mile of a farm or ranch, or surface
water with Class {4agricultural)use arethe highest priority for further investigation.

Aswasmentioned earlief coontaminated biosolids were the suspected source of PFAS that contaminated

dairy products in Main¢Laca AL. , 2019)The allowable uses of biosolids are based on the

concentrations of certain contaminantsut these contanmant concentraton® 2 y Qi A y,@ithdzRS t C!
the exception ofMaine. Locations where biosolids aressedmay vary over time. Therefore, biosolids

should be analyzed for PFAS from the POTWs that have a penpnitvide biosolidsfor application on

agricultural lands.

All POTWs are expected to have PFAS from consumer products. The PFAS concentrations observed in
POl KQAd o0A2a2fARAa O02dxZ R 6S O2YLJI NBR (2 ff AGSNI GdzNB
sources of PFAS should have signifigdnitiher PFAS concentrations than POTWs whose only sources

are consumer products. Concurrently, or as a separate phase, testing of solids could be extended to all
POTWs to identify potential PFAS releases to the environment.

Fish

Fish have beeshownto accumulate PFAS from contaminated wgfeiHollander, W.; de Voogt, P.; De
Coen, W.; Bervoets, L., 201Bjsh are a better indicator of PFAS contamination than water sampling
alone kecause PFAS tend to bicaccumulate in fisland the concentrations in fish better represent
longerterm PFAS concentrations in water than grab samée states currently have fish
consumption advisories for PEASabama, Alaska, Connecticut, Indiana, Michigan, Minnesota, New
Jersey, New Yorknd Wisconsin.No EPAapproved analytical methods are available for fish tissue.
Somestates have developednalyticalmethodsthat DEQ willneed to review to determine if they are
sufficiently reliable for application in UtaBEQ will also identifyoonmercial laboratories thatan
analyze fish tissues f®FAS.

Waterfowl

The wetlands neahe Great Salt Lake in Utah suppbnth private and public waterfowl hunting. In
2019, Utah reported almost 14,000 active adult duck hun(exSFWS, 2019AIthough noU.S. data
were foundthat specifically identify PFAfoaccumulatiorin waterfowl, Michigan is currently
developing a waterfowl sampling prograifhe Australian EPA has issued waterfowl consumption
advisories for PFASharp, 2019No EPA approved methods are available for duck tissuethe
limitations previously described for fish tissue and other solids dpplgssessing waterfowl for human
consumption.

Analytical Methods and Procedures

PFAS Lab Methods
Analytical methods for detection, quantitation, and identification of PFAS from environmental media
continue toevolve andimprove Currently, multlaboratory validated methods hawnly been
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published for drinking water samples. The mestentmethod developed EPAMethod 533, focuses o

short-chain PFA®ith carborrchain lengths of four td2. Method 533 complementSsPAViethod 537.1

andcan test for 11 additional PFAEPA 537.1Mer. 1.0, 2018)YEPA)includes 18 PFAS analytes, six of

GKAOK ¢6SNB Fylfel SR Rd2NAy3a 9t! Qa ¢ KANR Bpty NS3Idzf | (S
analytical approaoksare based on solighhase extraction (SPE) extraction and analysis by liquid
chromatography tandermass pectrometry (LEMS/MS) and multipleeaction monitoring of mass

specific parento-product ion transitions for all targeted analytes. Additiort¥isotopicallylabeled

surrogates and internal standards are used to monitor analyte recovery during spreplaration.

An expanded set of performand®msed methods are in development for rdrinking water matrices
(e.g.,surface waters, wastewater, sludge and soils)heyAmerican Society for Testing and Materials
(ASTMN, International Organization for &hdardization ISQ, and others that rely on a similar i{MS/MS
approach These methodmvolve distinct quality control (QC) procedures and allow more method
modifications to improve performance. In particular, isotope dilution of target analytes whelablea
during sample preparation is used to account for maitmberference effects. To date, these methods
have not yet been validated by EPA for use urglean Water ActQWA or Safe Drinking Water Act
(SDWA programs. Available options for quantitagivneasurement of waters and other media are
summarized irBection 3.1 and 3,2espectively.

In addition to these quantitative methods, some seguiantitative methods are in development that
may provide a more inclusive assessment of PFAS occurrence at contaminated sites. ©ne semi
guantitative approach (TOP Assay) uses persulfate digestion tsforam a wide range of PFAS
compounds to PFCAs (perfluoroalkyl carboxylates), where the hydrophilic {leeileg) functional
group is converted to a carboxylai@msand then analyzed via EINIS/MS. In principal, this method
can provide a conservative maare of total PFAS concentration in a sample by converting the wide
range of PFAS constituents into a smaller set of PFCASs prior to analysis. A secandaétative
approach (AOEIC) uses activated carbon to adsorb organofluorine compounds followed by
combustion where fluoride ions are trapped in deionized water and then analyzed by ion
chromatography. While not specific to PFAS, this approach could be used for screenileyéligh
contamination across a site. Commercial availability of these metisdidsited. Available information
on semiguantitative PFAS measurements is summartzeldw.

For initial projectscoping purposes, information about analysis of PFAS from water and solid samples
was requested from a subset of laboratories previously gediby EPA during the UCMR3 proceldse
following labs provided information on analytical methods, method and reporting lieig analysis

costs

1) ALS, Kelso, #hington

2) BSK Associates, Fresnalifornia

3) Accurate Labs, Stillwater k@homa

4) Anatek Labsyloscow, tlaho

5) EurofinsEaton Analytical, ScottsdalesiZona
6) Test America Inc., Sacrament@li©rnia
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https://www.epa.gov/sites/production/files/2019-12/documents/method-533-815b19020.pdf
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=343042&Lab=NERL

7) Utah Public Health Lab (UPHL), Salt Lake @&k

DEQ will slectthe lab(s) thatdemonstrate appropriate quality assurance (QA) elements, including
proficiency testing and matrigpecific QC results, to ensure that results are comparable over time and
across laboratories.

Target Analytes

A key challenge in developing a baseline survey of PFAS in Utah is identifying which PFAS compounds to
evaluate. M@e than6,000 distinct PFAS compounds have been produced or released to the global
environment, but identification and quantitation of specific compounds at utti@ce concentrations

(e.g, nglL) require specialized and expensive instrumentation anedimited by the availability of

specific analytical standar@g/ang, Dewitt, Higgins, & Cousins, 20MgDonough & Higgins, 2018)

EPA established drinking water health advisory levels for two BdtAgounds PFOA and PFQSat

70ng/L, separately oinO2 YO A Y SR O2y OSYy iGN} GA2yad 9t! Qa |/ awo 4&dz
included siXPFAS compoundEPA Method 53A%r. 1.1, 2009) includes 14 compounds, EPA 5324 (

1.0, 2018) includes 18 compoundsda/ surrogate/internal standardand EPA Method 538cludes25

PFAS compound&l of which are not covered by 537.1h@r state programs (g., North Dakota and

Michigan) have usedihouse methods of commercial labs to analyze 24 to 32 PFAS compounds from

surface water, groundwater, or biota (fish). FinahTMand ISO are developing performanbased

methods that rely heavily on measuremteof **C isotopicallyjabeled standards for nedrinking water

matrices The number of analytes potentially available from these methods is only restricted by the

ability to meet methodspecific QC requirements.

Of the labs that provided information tOEQ, the number of potential analytes ranged friowo to 30

for methods based on EPA 537/537.1, while one laboraspecific method reported up to 39 analytes.
Reporting limits range from 1.0 to 90.0ngfLis not known how environmental sample matricaher

than drinking water affect the actual precision and accuracy of measured PFAS concentaatibwbat
compoundspecific reporting limits are relevant to characterize potentially contaminated sites in Utah.
Special care is required during data eion of external (field collection) and internal (laboratory) QC
samples to understand potential limitatiofigr interpreting analytical results.

Overview of Quantitative Methods for Drinking Water

Drinking Water and Groundwater

Currently, the only ERApproved method for analysis of PFAS from drinking wedee EPAViethods

537.1and 533.Sample collection protocols established in EPA 58@dLEPA 53Biclude appropriate

bottle types, collection procedures, QC sample requirements, shipment and storage, and sample holding
times.

Sample bottles should be 2%5Gilliliter (mL) polypropylene (PP) bottle with PP screw cl®{Ta Teflon®
lined cayp), providedby the laboratory. For finished drinking water samples, bottles should also contain
Trizma (pH 7, Bigaliter@/L)) buffer to remove free chlorine, if applicable.
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All labs that provided analysis information@WQappeaed capable of determining PFAS
coneentrations from finished drinking water based on EPA drinkingmaethods 537 (2009537.1

(2018 and 533 (2019)it is likely that groundwater used as drinking water sources could also be
analyzed using these methods so long as matrix interferencaemaimal and all appropriate sample
collection and handling procedures are followed. Analyses from other-kagt PFAS projects, in
addition to laboratory specific information provided to DEQ, indicate that some commercial labs have
provided results foother, nondrinking water matrices based on-iouse modifications to EPA 537.
Some modifications are permitted in EPA method 537/537.1, so long as msfisaific QC

requirements are maintained.

The number of available analytes for method EPA 537 rdrmma sixto 14,18 for EPA 537,5and 25 for
EPAG33 For thesixPFAS analytes surveyed under UCMR3 (PFBS, PFHXS, PFHpA, PRDA, PFOS,
PFNA), reporting limits (RLs) from available laboratories range from 1.0 to 90ng/L, with spalyific

limits frommost labs less than 20ng/Over 64% of RLs from available labs were at or bel@wdg2L .

RLs for PFOA and PFOS, assumed to be the most common PFAS constituents, are routinely < 20ng/L.

Using the 70ng/L EPA national health advisory level for comparison, any of the available labs would
provide sufficient sensitivity for PFOA and PFOS. Interestiivglpf 18 states have PFAS screening or
guidance levels lower than E®Aealth advisorievel(ITRC) If a heightened level of sensitivity is
required, a smaller set of labs would meet the required RLs.

Surface Water and Wastewaters

For environmental samples with more complicated matrices, such as surface waters (streams, lakes,
wetlands) and wastewater (influent and effluentfe higher concentrations of suspended solids,

dissolved organic compoungdsr dissolved inorganic solutesalts) compared to relatively pure finished
drinking water may interfere with otherwise accurate analytical procedures and result in poor sensitivity
or biased results. These matrix effects can be examined through analysis of particular QC samples
(Delaney, M.F., 201 TKrynitsky, A.J., et alFor instanceEPA Method 537.1 does not contain steps to
alleviate matrix interference from surface water or solid samples, and currently there are no EPA
methods for the preparation and analysis of other sample méi&C, 2018)

Methods for nondrinking water samples are becoming available from consestandards
organizations (ASTM and [S&nd graduallypeingadopted by some comercial laboratories. ASTM
methods included7979 Water) and D7968(Soils SectiorOverview ofQuantitative Methodsfor Slids).
ASTM D7977 involves direct injection @afsample, thereby requiring little sample preparation, but is
probably more appropriate for liquids with higher PFAS concentrationsT&@#e 4, PFAS method
comparison). ISO methods 25101 and 21675 were both developed for determination of PFAS in waters;
the latter method includes a greater number ofadytes and higher sensitivity. Two EPA-SAG

methods are currently in development for direct injectidbréft Method 8237 and SPE LKIS/MS with
isotope dilution (Draft Method 8238) approaches to PFAS analysis, but details have not yet been
released. These methods allow matspecific sample preparation modifications in addition to
specialized analytical techniques suchsa¢ape dilution, addition of surrogate compounds, and
confirmatory monitoring of additional paresgroduct ion ratios. Since these modifications are neither
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standardized nor validated by multiple laboratories, alternative analytical methods may providiesres

with widely varying presion and accuracyProjectlevel data quality can be improved by evaluation of

QCsample results against a list of QC checks for PFAS analysis prepared in Department of Defense (DOD)

Quality Systems Manu@@SM)for Environmeral LaboratoriegDOD) Particular concerns when

analyzing nordrinking water samples for PFAS may include:

1 Excessive sample (or similar organic compounds) sorbed to SPE cartridge, resultiAgias kofv
analytical resultsidentified by lowpercentrecovery of isotopically labeled surrogates and internal
standards

1 Poorly resolved chromatography from complex mixtures eélketed organics, particularly from
wastewater influent and effluent, biosolids, or soils that contain lighcentrations of humic
substancesThismay result in poor precision when monitoring anakgigecific parerfproduct ion
transition area ratios

The data quality standards in D@QI3SMTable BL5 are performance based. Moreover, isotogéution

is stronglypreferred for quantitation of all PFAS compounds where isotopically labeled analogs are
commercially available. This requirement helps account for interferences caused by complex sample
matrices and bias introduced by sample preparation and instruropetation issues. Additional key
analytical advances are likely to occur via improved chromatographic separation and selective
retardation of contaminant peaks, equipment improvements (P&EEK tubing for solventand

additional columns (e.gtrap columm) that allow for better MS resolution.

Except for some fluorotelomers andderivatives, PFAS reporting limits are routinely less thama?
5.0ng/L from all three laboratories. Key issues to consider for analysis of surface and wastewater
samples inclde collecting additional samples foratrix spike and tracking spike recovery compared to
lab control spike samples to evaluate the significance of potential matrix effects.
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Tale 4. PFAS Method Comparison

Method EPA 533 EPA 537 EPA 537.1 (2018) ASTM D7979 (water) ASTM D7968 (soil) ISO CD 21675 *
Validation Multi-lab Single lab Multi-lab Two labs (Region 5 & Single Lab In Review
ASTM)
Extraction SPE: 250 mL -> 1 mL SPE: 250 mL -> 1 mL SPE: 250 mL -> 1 mL Dilute 1:1 w/ MeOH (5 Extract2gw/ 10 mL  SPE: 1000 to 50
mL), filter, direct (1:1 MeOH) mL
injection
Holding Time Extractin 28 d; Extractin 14 d; Extractin 14 d; 28d; T<6°C 28d; T<6°C 4wk; T~5+3°C
analyze in 28 d; Temp analyze in 28 d; [DW  analyze in 28 d; Temp
<6°C 5 g/L Trisma]; Temp <6°C
<6°C
Matrix [design] Drinking Water Drinking Water Drinking Water Water and sludge Soil Water
(< 0.2% solids) (< 0.2% solids)
Matrices Tested Groundwater, surface  Cincinnati tap, Groundwater, surface  Chicago River water, Ottawa sand, Drinking water,
water, drinking water  groundwater, surface, water, tap water POTW influent/effluent, Frederick sand, river water,
UCMR samples 2 POTW w/ overflows Annapolis clay, seawater,
Vicksburg silt / clay wastewater
Analytes 25+16IDAs+3 1S 14 + 3 surr. & 3 IS 18 + 4 surr. & 3 IS 21+ 9 surr. 21 + 9 surr. 30+311S
Quantitation Range | Under Review 5-15ng/L (at250:1) 5-15ng/L (at 5-8000 ng/L 25-20,000 ng/kg >0.002 ng/L

Quantitation Type

Calibration

Force origin
Goodness of Fit

Peak Asymmetry
Confirmation Ion
Batch size

Max. Blank
Internal Standards
(15)

Surrogate Recovery
MS/MSD Recovery

RPD

Isotope Dilution

> 5 pts

Y

RSE < 30%

Not req.

Not req.

< 20 samp

<1/3 MRL

Not req. (70-130%)
70-130%

70-130%

<30%

Internal Stds

> 5 pts

Y

RSE < 30%
08-1.5

not req.

< 20 samp
<1/3 MRL

< 50% area drift
70-130%
70-130%

<30%

250:1), so long as
conc. within + 30%
Internal Stds

> 5 pts over 20-fold
range
Y

RSE < 30%
0.8-1.5

not req.

< 20 samp
<1/3 MRL

< 50% area drift
70-130%
70-130%

<30%

External Stds,
(Isotope Dilution
allowed)
5-9pts

no

RSE < 30%

not req.

Yes, if avail.

< 30 samp

<% RLCS

not req. (70-130%)
70-130%

70-130%

<30%

ES, (Isotope Dilution
allowed)

5-9pts

no

RSE < 30%

not req.

Yes, if avail.

< 30 samp

<% RLCS

not req. (70-130%)
70-130%
70-130%

<30%

Isotope Dilution

> 5 pts

no

ISO 8466-1
not req.
Yes, if avail.
< 20 samp
<1/10 ML
70-125%
70-125%
70-125%

no criteria
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Overview of Quantitative Methods for Solids

Soils, sediments and other solids are collected to characterize the nature and-dimesnsional extent

of the plumewhen a site is determirgtto be contaminated by PFASlowever, sampling and analysis of
wastewater treatment plant sludge, i,éiosolids, could also be used to inform larger, synegtiale

surveys of potential PFAS contamination. Currently, specialized treatment procepses tapbe

required to achieve more than minimal reduction of PFAS in municipal waste streams. Most commonly,
shorter-chain PFAS compounds have higher relative solubility and pass through treatment plants in
aqueous phasewhile longerchain PFAS compousdre readily sorbed to wastewater solids. Some
longerchain PFAS compounds (C8 and higher) would accumulate in WWTP biosolids and may provide
information about which wastewater plants have PFAS inputs to their system.

Information for analysis of solidsoin commercial labs is sparse, and procedures for quantitative
analysis of PFAS from soils remain in developm2EQ received information from two laboratories
about irhouse modifications to EPA 537 or4gffiecific methods for soils. The general ideaABsoil
analysis is available from method ASTM D798&nd based on solvent extraction, filtration, and LC
MS/MS analysis. Isotopicallgbeled surrogates are added to raw samples prior to extraction, where
multiple parentproduct ion mass transitions @amonitored for compound identification, and
guantitation is performed by external calibration. As written, ASTM D7296i8 described asauick
extractiorg and not intended for exhaustive recover of all PFAS compounds. Further modifications to the
method are allowed, including use of isotope dilution for PFAS quantitation and more intensive soll
PFAS extractions. Close adhererméhie QC checks identified in DQ@uality Systems &hual, Table B
15, may result in higher sensitivity and quantificationaafditional PFASompounds Compamgthese
screening levels, RLs for PFAS in soils should be sufficient. Closer coordination with prospective
laboratories is needed to ensure that sample collection, trans@ont preparation activities are

followed to sypport the required sensitivity and specificity

Overview of Semi-quantitative Techniques

Asingle targeted method ignlikelyto quantify all PFAS present in a samipdeause of the large

number of PFASompoundsand their varied structuratharacteristic§ITRC, 2018For releases that are
not well understood or comprised of multiple sources, alternative ways of measuring PFAS in a more
comprehensive but less targeted fashion may be desirable

The lierature isshowing progress itwo semiquantitative approaches to obtain a more inclusive or
integrated quantitation of total PFAS concentration from a sample The total oxidizable precursor assay
(TOP assay) involves conversion of various PFAS compounds in atedPi#iéds (perfluoroalkyl acids,

as carboxylates), which are then identified and quantified BMISIMS. The amount of PFAAs

generated by the assay may be a conservative estimate of total PFAS compounds, while the change in
PFAA distribution before and aftthe oxidation treatment can represent compounds that may be
transformed to PFAAs via biotic or abiotic processes.

The second senguantitative approach, adsorbable/extractable organic fluorine (AOF/EOF) quantified
by combustion ion chromatography (gl@®volves concentration of organic compounds from sample
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on carbonbased sorbent. This material is then combusted at high temperature and the gas stream
passed througlde-ionized DI) water to collect inorganifluoride (F) ions released by combustion.

Finally, the D$olution is analyzed hign chromatographylQ for fluoride. This method has been
demonstrated on blood and other aqueous samples. The key here is the specificity of the extraction
step, as other organofluorine compounds may be incluiteitie sample. This method is not known to

be commercially available at the present time. However, if available at lower cost tRASIMS, this
approach could be used as a quick screening tool. Questions remain as to how much of the total
organofluorinecompounds are PFAS, particularly since detection limits are on the order of 0.77 ug F/L
(reported in(Willach, Brauch, & Lange, 20183 quivalent to 13 pg PFOS/L. These limits may be two to
three orders of magnitude too higier screening purposes.

Currently, TOP assay is the more widely used and commercially availablgusentiiative technique.

DEQ received very little information regarding the TOP assay from one laboratory (Eurofins/Eaton
Analytical). The lab suggestedatiTOP analysis would be on the order of twice thegsmnple cost as
LCMS/MS since analyses are run before and after the oxidation step, making it unsuitable as a potential
screening tool. Additional information may be obtainable if this approach idaenes fruitful. No

commercial information on AGEIC was reported to DEQ.

Overview of PFAS Sampling Precautions

Because of the ubiquity and low ambient concentrations (ng /L) of PFAS in the environment, special
precautions are required for field samplipgocedures and materials to avoid sample cross
contamination and reduce the chance of false positive detectidimese precautions and procedures

will be defined in individual Sampling and Analysis Plans (SAPs) and Standard Operating Procedures
(SOPXSee Section 4)

Background PFAS Contamination

To minimize background PFAS contamination to samples, sampling crews should review all materials
and sampling protocols to avoid contamination or possible adsorption issues. Care should be taken to
ensurethere isno PFAS transfer from sampler gear or PPE (personal protective equipment)-to field
samples. Materials that could contaminate sammad introducehigh-bias include:

Teflor®(polytetrafluoroethylene (PTFE)
Waterproof coatings containing PFAS
Huorinated ethylene propylene (FEP)
Bhylene tetrafluoroethylene (ETFE)
Low-density polyethylene (LDPE)
Polyvinylidene fluoride (PVDF)

Fipe thread compounds and tape (Tef®tape)

= =4 =4 =4 -8 -8 -9

Additional information on allowed / prohibited materials is available figichigan DEQ General PFAS
Sampling Guidang@ichigan DEQ, 2018)

The materialdisted aboveshould also be avoided for reud®a tools or containers, and sampling crews
should ensure all reuseable equipment is fully and consistently decontaminated. Two decontamination
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methods are described in EhiganDEQSampling Guidang®thers mayalsobe available. Allowable
solutions inalide Alcononx, Liquinox or Citranox, and triplese with PFA8ee deionized water. PFAS
free deionized/rinse water should be obtained from the laboratory.

QC checks include the collection of field blanks and equipment blanks as appropriate, depenti@g on
sample matrix being collected and collection protocols. The type of sampling program can influence the
frequency of field and equipment blanks. Intaressite investigations may include one or more sets of
blanks per day at a single site. In contrésgad-scale surveys may include a field blank for every
sampling tripand equipment blanks for every ten fieddmples collected. Matrigpecific sampling needs
may include:

1 Drinkingwater (finished) allowed bottles, no transfer containers, no PTFE lids

1 Surfacewater : allowed bottles, transfer containers / tools if necessary

1 Groundwater allowed bottles, transfer tubing (pumps) or bailer, no PTFE

1 Soilbiosolids :bulk containers, homogenization equipment (stainless steel mixing bowl,

spatula) rinse/decon water, no PTFE

Sample Representativeness

Ensuring that a collected sample is representative is critical. For drinking water and surface water
samples, the entire sample should be used for analysis via@udise extraction. Groundwater samples
from wells may also be collected by usual protocols but care must be taken to eliminate cross
contamination from pumgubing orsimilar materials Solid samples or other mixadedia should be
well-homogenized in the field if composite samples are colidctéad homogenization containers

should be stainless steel or polypropylene. Since solids are typically extracted with solvent prior to
further SPE preparation in the lab, analysts should also homogenize the submitted sample well before
sub-sampling.

In addition to the above techniques, collection of sufficient field replicates should satisfy QC checks for
representativeness where samgdpecific RPDs are less than actsiss differencesif appropriate.

Sample Matrix Effects

While less an issue with driimig water or groundwater samplesome surface waters and sobgssolids
are likely to have substantial matrix effects on laboratory instrument performance. Use of isotope
dilution for analyte quantitation and addition of labeled surrogate compounds idelptify strong
reductions in extraction efficiencyihis is particularly true when surrogate and internal standard
compounds are added to the sample prior to extraction or cleanup steps. Additional QC checks involve
routine collection of extra field samgs for use amatrix spikes at a frequency greater than specific in
most methods. Recovery ofatrix spike samples is compared to recovery frtab control spikes (lab
method blank spiked before analysis) to identify instrument performance vs. matrifdréace. Lastly,
particularly for projects where clean and PF@®Btaminated sites are surveyed, it may be useful to
develop low and highspike concentration solutions in order to understand the magnitude of potential
matrix effects across the sample uarse. For example, iffave-standard calibration curve is used,
levelstwo andfour could be used as spike concentrations.
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Special Considerations for PFAS Sampling
1 CGommunicate withthe laboratory before and after sampling to identify any knowighly
contaminated samples to avoid unnecessary lab equipment contaminatioensure
proper sample containers are used and sufficient sample volumes are collected
1 UsePFASree water for field blanks, equipment blanks, equipment rinsargd
decontamination pocedures.Thelab should provide documented verification thhe
supplied water is PFAR:e.
f  Explicitly definétt GTNBES¢ a2 dzys hoDirSdutied idtd te samplingda A
process
o Blankconcentrations belowdetectionlimit
o0 Blankconcentrations< Y2quantitation limit
1 Specify bttle type. For instanceMethod EPA 537 requires 250L polypropylene
containers (PPE) and caps for drinking water samplimgck withthe laboratory regarding
method- and matrixspecific requiremersg Sample containeraretypically composed of PPE
or HDPE bottles with unlined plastic caps. Note also that samples of finished drinking water
should include Trizma preservative or equivalgrdr the method to scavenge free
chlorine.

Additional samplinguidance documents are available from Michigan DEQs PFAS website:
https://www.michigan.gov/pfasresponse/0,9038365-86510 871544169832-,00.html

Laboratory Data Evaluation

Preliminary steps to evaluate the quality of data for its intended use involve reviewing all factors that

may affect data precision, accuracy, representativeness, comparableness, completeness, and sensitivity

The following datajuality criteia should be met.
91 Data are preciseSufficient agreemenexistsbetween results from the samar very similar

sample location.

1 Data are accurateResults are sufficiently close to expected/true values.

Data are representativeResults sufficiently chacterize the site.

9 Data are comparabléaamplesare collected and analyzed using similar procedures and
techniques.

1 Data are completeAll required sampleare collected, all collected samplese analyzed, and all
requested analyteare reported.

9 Data are sensitivefnalytical method and fielaollection procedures provide for
reporting/detection limits below appropriate regulatory action levels.

=

Recommendations

DEQ examined potentiakpoure pathways to evaluate how people Utahmight come into contact
with or be exposed t&®FASThe PFAS workgroup investigated possiblarces of PFAStheir probable
fate and transport in the environmerift released potential exposure ares, potential exposure routs,
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and potentially exposed paations. All five elements of an exposure pathway must be presenhéor
pathwayi 2 0SS O2yaARINIBR) aO02YLI SiSé¢ o

Thefollowingrecommendationd NB 61 aSR 2y (KS dahinaGiN@lgzaviddes SO f dz
for PFASo contaminae! G KQa RNAY 1Ay 3 6 §SNE 3 NBodegeRd huind&NE & dzN.
exposure While consumer products and atmospheric emissions are also sources of human exposure,

DEQ is focusing on water areshtl contamination from PFAS.

The science of PFAS compourdsitinues toevolve apidly. Theserecommendationwill be re-
evaluated as new information becomes available. The recommendadinthsesulting sampling
prioritieswill also be reevaluated asnore Utah-specific data become available.

TheDEQPFAS Workgroup uselet potential for human exposui® prioritizeits investigation and
sampling for PFAS in Utads follows.

Priority 1: Drinking Water

In the U.S., elevatedumanexposures of PFAS ar®st often associated with contaminatettinking

water linked to locamanufacturers of PFAS or industrial sites where large volumes of PFAS were used
and released to the environmeniVhile DEQ did not identify anfFAS manutiurers in Utahmore
informationis neededo determine what industries us@r have usedsignificant amounts of PFAIsat
werereleased to the environmenfhese releases include the use of agueousfilrming foams

(AFFFs) at military installations, airports, andnetfies. Thesereleaseswill be evaluatedurther to
determineif they have or couldmpact drinking water.An accompanying Sampling and Analysis Plan
Statewide PFAS Monitoring Phase |: Drinking Water Sygiew®, 2020) providespecific detail on site
selection, laboratory analysis, and sampling methods.

Priority 2: Agriculture/Food

The predominant route dPFA®xposure to the general publiapart from those living near a source of
PFAS or working in an industry that manufactures/uses RE#&ugh theingestion of PFAS in food (
(Gebbink, Berger, & IT, 2018eleasedo surface water and groundwater, as well as the land
application of biosolidszan result ipotential human exposure from agricultural productsld game,

or fish Industries that use PFAS may discharge to a P@iRibh maycontaminat liquid effluent
solidsand subsequently impact crops or domestic/wild sources of meat. DEQ did not identify any
industries associated with high levels of PERSK | S RANB OO RAAOKF NHS LISNXNA A
groundwater. Businesses that may use PFAS in their processes or products were identifietth

one exceptionthese facilities are located in urban areas serviced by PQIiMing the impact to
agficultural lands.

Priority 3: Environmental Exposures

Any remaining potential PFAS sites should be further evaluated to characterize releases to the
environment. Less data are available to evaluate the potential environmental tmpaPFAS on
ecological receptors such as aquatic life and wildtif@wvever, the persistence and tendency of some
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PFAS to accumulate in organisms supports a heightened level of concern if these exposures are
occurring.

PFAS Monitoring Strategy
Little data are currently available for PFAS in Ytahichnecessitated some assumptiofts
implementing the investigationsA phased approach is recommendsaldata from previous phases
and rew data from other sourcewill inform later phasesThe phases wermitially prioritizedbased on
1. The likelihoodof complete potential exposure pathways
2. The potential magnitude of the exposures
3. The expected number of people potentially exposed

New information may warrant r@rioritizing thesequence of thephases or dding additional phases to
address potential exposumgathwaysthat are currently unknownEachphaseincludes:
1 Preparation ofan individuaimonitoring plan
1 Development of detailed Sampling and Analysis P(8Ad’shhat includedata quality objectives
(DQOs)laboratory and methods review, funding mechanisms, standard operating procedures
(SOPs)and results analysis
9 Sakeholder outreach and communication pkspecific to the media sampled

Funding for this project is anticipated to come frexisting resources. Since these resources are
limited, phasing the investigations will support identified priorities for sampling and anakgsis.
additional funding becomes available, DEQ can implement additional phases.

While this document representsitial efforts to communicate to the public and potentially affected
public, DEQ will develomore detailed communication strategies for each phase ofsémapling and
monitoring to ensurestakeholderinvolvement.

Phase 1

The first phase of the PFAS moniitg strategy will focus on drinking water sources potentially
impacted by the use of AFE®& military facilitiessuch adill Ar Force Baseandindustries that may
haveusedPFAS in their manufacturing processPlease reference the Sampling and AnaliZ&an(DEQ
2020)for specificdetailson proposed methods, sampling locatigasd other study objectives

In addition to sampling individual source wells of public water syst@hesel will include sampling a
selection of private wells in impactedeas. Sinc€FASre not currently regulated by the EPA through
SDWAthis effort will require significant outreach to water providers, local health departmgmi®¥
and homeowners with private wells to obtain accessieir wells. DEQ will work clogeWwith the Utah
Department of Health, LHDs, and water providergterpret results of monitoring data anefine
existing communication plarte relay the information to the public and well owneBepending on the
results, DEQ wilielphomeowners and water providers deterngia course of action for evaluating
health risks, treatment optiongnd alternative sources of drinking water.
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Phase 2

This phase of the strategy will focus on evaluating concentrations of PFAS in fish and waitestmatb
determine the risk from human consumption. The intention of this monitoring is to compile data for
O2yadzYLlirA2y T ROA&G2NASEY AAYAfTINI G2 59vQa SEA&GAY3
and selenium Evaluating the presence BFAS in wildlife, where present, will also inform future
monitoring of potential source#\reas of focus will be higlse fisheries andiaterfowl hunting areas

known areas of PFAS contamination based on ongoing evaluation of industrial uses and A rele
and informed by subsequesampling and analysis. DEQ will work closely with the Department of
Natural Resources to prioritize sampling sites, coordinate specimen collection, and develop advisories
and communication plans for notifying the public regagdthe risk from consumption of contaminated
tissue.

Phase 3

Thethird phase of this strategy will focus on the presence of PFAS in surface waters and contributions of
PFAS from industrial, pretreatment, and wastewater sources. Since the primarg goaksess impacts

to human health, the monitoring design will focus on waterbodies classified for agricultural uses such as
livestock watering and irrigation. DurifARdevelopment, specific risk factors will be evaluhte

target sampling locationthat couldidentify the potential human health and agricultural impacts of

PFAS contaminatioddditionally, DEQ wilsampe biosolids used for agricultural production to

determine the fate of PFAS after treatment and composting. This will require cotodineith

wastewater facilities and biosolids programs to understéraldistribution and potential pathways

from these biosolid$o agricultural products, as well as working with LHDs to notify the public where
risks might occur.

Future Phases
Additionalphases will amplete characterizations for any remainipgtential human exposurg
identified in previous phases

Timeline

The following represents an estimated timeline for current and future efforts for evaluating PFAS in
Utah.This schedule may chandepending on results of initial phases and the need for follgw
monitoring to evaluate sources and impacts to drinking water systems,

Component of PFAS Monitoring 2020 2021 2022
Q21Q3/Q4|Q11Q2/Q3|Q4|Q1|Q2| Q3| Q4

Drinking Water System Monitoring

Call for Data and Information

Outreach to PWS and LHDs

Well Sampling

Fish and Waterfowl Monitoring

Surface, WastewaterBiosolids Monitoring
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Communication Plan

The DEQ PFAS workgroup has developed a preliminamgnunication plarthat formed the basis of
currentweb resourceshat inform the publicabout PFAS and provide updates on bieQ PFAS
programhttps://deq.utah.gov/pollutants/perand-polyfluoroakyisubstancegpfas Each phase of the
strategy will require the development of outreach materials and information to communicate with the
public and impacted drinking water praoldrs to ensure data and potential risk are clearly
communicated. DEQ will coordinate closely with the Department of Health and Local Health
Departments to develop communication plans and outreach materials.
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